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(54) PRODUCTION OF FORGED STEEL 

(57)Abstract: 

PURPOSE: To economically produce a forged steel having good toughness by forging a billet having a specific 
compsn. under specific conditions to form a long-sized circular solid forging having a circular sectional shape and 
subjecting the forging immediately to accelerated cooling under specific conditions. 

CONSTITUTION: The billet which contains, by wt%, 0.02W0.7% C, <0.6% Si, <2% Mn, <0.020% P, <0.015% S, and < 
0.1% total Al f and consists of the balance Fe and inevitable impurities is prepd. The billet is then forged in such a 
manner that the cumulative draft at <1,050° C attains >20% to form the long-sized solid or hollow forging having 
the circular or polygonal sectional shape of <800mm outside diameter or diagonal line length. The forging is 
immediately subjected to the accelerated cooling to attain >5° C/mm average cooling rate down to 800W400 0 
C. The finer grains of the structure of the steel products is thereby formed and the toughness is obtd. 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiners decision of rejection] 

[Kind of final disposal of application other than the 
examiners decision of rejection or application 
converted registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiners decision of 
rejection] 

[Date of requesting appeal against examiner s decision 
of rejection] 

[Date of extinction of right] 



Copyright (C); 1 998,2003 Japan Patent Office 



http://www1 9.ipdl.ncipi.go jp/PA1 /result/detail/main/wAAAqFaWMCDA362263922P1 .htm 



2005/05/06 



©Int. a.* 

C 21 D 8/00 
B 21 J 1/06 
5/00 

// C 22 C 38/00 

38/06 
38/58 



©B*s«Fi^ff(jp) ® n Hi m M 
© 2: m ¥f I* & m ( a) Bg62 - 263922 

«»ISS^ /fftSSSf @2r&8 PB*D625Kl987)11^16H 



3 0 1 
3 0 2 



B-8015-4K 
7112-4E 
A-7112-4E 
Z-7147-4K 
A-7147-4K 



«B« %IS^tt 1 (±81) 



©¥f KB 104670 

m 0861(1986)5^9 0 

@& bj * & in gt 4bAwmA*isEfii«wr2-io-i 

19 ^ # ft] Si 4fcA«mA«M{|ZK*2TB94 

©tiJ i A B*^^^«^#a 3*DKf5WBBE±W2T@6g2^ 



1. IS 98 O £ J&fc 

® «*0 $3 £ 
2- # Ifr g» * O fg ffi 

C 0.0 2-0.7 $ . Si 0.6 % SUT % 
2 *WT, P 0.0 2 0 ^ fell. 
S 0.0 1 5 * feA T . & ft A/. 0. 1 * feJL T 

^&5<t^«»4ffSfi<fr% 4 1 0 5 0 C 
.43* T T? O * ft BE T m & 2 0 * J3A J: -C *> * » £ 
*ffiL, n«X«ttfta«*t 800-j|5AT© 

400CO^F^^ip^ K7&i 5 C/i* _fc fe * 

2 m -a % -c 

Mn 10-35$, Cul^JaT, 



(1) 



—123— 



Cr 30 $^T, Ni70#J^T. 

Mo 5 # fe* T . Nb 0.2 ^J^T, 

V 0.3 $ felT . Ti O.l^J^T. B 0.0 1 #JIUT, 

N 0. 5 $ JLU T 

3 S ft $ 

Ca 0.0 0 5#fe*T, Zr 0.1 $WT, 
Ta 0.1 % %k T , Ce % La ^ ©REM © ft 
i» 0.0 0 5 * wt<o i a x 2 » jy. j^' HIL 

m 2^ie©^^«»<o»[jt^ 0 

3. S69J©S¥ffl;frSfc9§ 
( jgSgJi©*iJ/S#» ) 

(2) 



U U j&» h £ iX h <D . «5 fcfe <D & 4# ^ & 

m.<o&u\* — r£ ^ be -e * . #te&fira&<o& 

<D A» 3& IK X- *> *> o 

( 9E 91 ft* J* ft I x 5 t t %MHA ) 

t*te{&iai#K:;tefr*ft&#iftf2aXKxO. UP X i£ 
iftfl & it * *7 5 £ 2: K x 0 % mW&&ftbtiZ>£t 

m 



!IBP2G2-263922(2) 

*»9! ft »JLlcas^X ft 

CO.0 2-0.7^ Si 0.6 ^WT. Mn 2 # feJl T * 
P 0.020fl&JslT. S 0.0 15 $felT, Tota£ A£ 
O.lO^iiXT-fe^^. 01 SB ft* Fe fc* Ilf ^^IK^ 

tttex9ft*<t#J&fl-**r-r*«lfir&. 1050c 
WTt-o»«ET$j& s 2 o % feA _h -C & * @ it * 2fc 

gE 7&» 5 C/«a feJl _b *C fx 5> J: ^ftim^^^*^^ "T^ 
£fc#S&£U* #J 15 ft *5 ^ TI > it^^^O^Mn 

Ctlf ^tMn 10-35 Cu 1 ^felT, Cr 

30 *JilT, Ni 7 0 # JU T . Mo 5 ^ JUT. Nb 0.2 
#JUT. V 0.3 *^T, Ti 0.1 #JUT> B O.Olfc 
J^T. N 0.5 *^TO 1 2 flfiJUJi^ttf ^ 

(4) 



**<££!U. fifl S5 (1K (fl) *? i» -C , *x ^ it o it 
^tffc#fcS£fcd&^rcJ5CtCa 0.005 #feJlT. Zr 
0. 1 # JU T * Ta 0. 1 * JSJL T , Ce , La ^ O REM 
TotaZ 0.005 # feJl T 1 ^ X** 2 *t feJL J: % ^ W U 

* & & ft* 3£ * fcJ # 9£ "0 * <0 * fim 0. 0 2 
<fc -C £> * o ^n*?«-eViJ^3S^, 3t $8 , 

£«#K**tefc»*OW«ft*«JM£lcft*o 0. 7 # 
J£ St 8? . {& # & «W t- k* W t>* 

* « » ft"» # *t u . ««fa$(CFe.c**ww-f*«r 

tB tt ft* ffe D . «Itt%r^fl;S-««>KHfc^*o X. 
^ - ^ x ^- ^ h***fi1ftfc-r*Efi'6-Afllfci*^ 

#tf*#<fc£«»:*2gSfcft*o ttotCORgf 
0. 0 2 % ~ 0. 7 # -C 6 o 

(5) 



aft* . ^ ft *c & m -r * t $J ft ft* * <fc L » o. 6 96 ifi n* 
ft* g§ b SI # * #fci£*gj&!£«3{J<D*81£*>ig* 
U <^^tit«)0.6^UTt U o 

$6 ifc . $3&0|6]JifcW*»-C;fc*ft*. # f<F iW * O 35 

h Kmm& + wxfm*m *> kk> ±mm* 2 % t u 

o 

0.0 2 0^ t Urtio 
£fc^HL-C, J:R* 0.015 # t Lfco 

J6 IC t& « ^ . Oa^Kfeftfc. \^t^^ h K 

(6) 

124— 



I 



fiBI^To taZ A£ £ L t 0. 1 % £ L <0 ft % & ^ O 
Jy. Jb *> ; 26 2£ fcj fx 7C £ "C * a* „ ^ & 93 -cii $ <b 

* m §s it * is am i mwiMse^^fijt^t, 

* <Q tg a JiJL 91 K $ b K Mn ." Cu . Cr . Ni . Mo . 
Nb . V , Ti . B . N«l»W:*P>KCa» Zr , Ta 
^ Ce . La^<OREM%^»DU-C.i!a«fe^6Ctt^* 
^{c^-^-r^-^ h*cfjc*«4>^J6. y 3L ? a y % 

- 7 A t -i * -i H . T » ~* 4 * -f % 

^ x ^ h^OSe-ft^^Xtt^rHipO^a^ 

^/£*$84r* «tf gift ^^®J^. ^ 

»J - ^ « # . itf :fe # > o*J4e^tt^o*ffl^«%« 
4* i- * a 69 <b $8 i£ -T * C i. ift* pT te x- £> % « 

& <0 _t RS ili 1 0 5 0 C -Clt * 

(7) 



!f§3H362-2G3922(3) 

h & & "C ifc 0 , CO^©feJlT«0®g£-C20*jy._b 
<0&i*IET5f5*#5*S3i**ia:l*. * <D IE & ?5 
5Jta£^^(C£*&®#^0*8tMt 31 *t 

3&^lt&f*^^0@5£i:. &&Kfc C&Kftfy#k 

* f hOfflttftltJ: 0» K !® & * - * ?■ ± 

a \ & m # m * , «*$fii&**ff)*&^$>;&«osga& 
*r gg x- i> * o 

iPt,MntiNi Ofttt ^"-^^^-^ Mb 

« ft * < -f * 7C t:- , Cr iiO^^tr^-^T- 

* a * * * * + * msi-r *> c t 

til 3ft * o t O^^O^f ft Utlt, Ni ft i: 
IS * *i # K It * ^©lO^^^^t-r^/c^TRS 

It 3 5 # -c 0 . J;BaftfetHifC«fea6fco 

&&Oo X Cr ft ^ K , Mffttt«c£OA±A 

(8) 



* * fc * * u . «JftB»otiiK*5B*i-«)BriiE#.^» 

< fc * . %Ot±i<0^^|gt 1 £ «> • 

Crlte^^^^rlSjJbL, X&A&*2g*U<(S] 

<0 31 rfij j; $ & 0 * *l J£ n o a ffj frc J: 0 

gs Jta -f % ft A tt Z> , 3 0 % & -c It , ^ O -f 

Ni - * T ± A ^ETC^^Lt^^r 

*i a6 IC li , 7 0 £ O Ni ft & & m x- $> z & , c *x ^ 

(9) 

-125 



%o t Ni o JiRRit 70 £ t u fco 
Mo it ife » 4» m m . x tt Mo* c ^ o it %o % ^ 

<&&-&w<o%,&. mmtfeittemik^ikZo ^ ^ ^ 
*t % & <o $ ^ ^^^-eits^jfe^^-r 

^ "C ^> o 

NbttNb ( C, N)^^^4»ic^fto^^:, ^60 

&<om&\^K x * *f m m it * m-r tz *> m m & & ± 

-T*o X. B t O ^ ^ . ^Att^^:t<|pjj 1 $ 
^> ^ O * d» ^ o U U Jb ifi ^ frc m tiU L 

t , ^ ^ o r^i ± a* s to ^ ^ ^ o a* % s o -c ^ 

it *» X t v.- fx ir O ^ ^ ^= c 2> o £ <o |» x 0. 2 

v ^ ^ ^ (c m m -r & * & a, z it v c c , n ) 

0(8 



!*0B3B2-263922 (4> 



* m a ns n . t o » j* a» 0.3 * -e & * • « o -c 0.3 

* * J: J£ L *i 0 

1 1 1 «s a 1 1 ») . TiNtutssife^afiu^fi 

* {t % 85 it L , ^&o#<t*f£Cfc^gsJo-r*t 

0.1 *t«iL5 t^fttt^^mt. 

Bit»a"Coacss%:»iwu» -* 4 -f r « « 
-£ * & ifc 4> & * ^ . o. o i # ft -e it . fttt&t^iss 

ot 0.0 1 <3&%±f!li: t fco 

N It * Jfc + . r & & 3: *r -f * 

7** 9 -i H * -< -f + -f h . t7 ^ -r x -y- >f h & ^ t 

ao 

Tota^ 1 t Lt 0.0 05^^ifi?L4h, «fl <0 ?Pr ft> & 
%{£T-£Lii>*o Ifci'Ot CaRtf REM® Tota£ 

Zr „ Ta H 0 , N . Sfc©&*Qfl#B<. CO 

to A* 6* Jft & , ttW*JfcU"t:d>a«Slinu-c«>* 
<o <t ^ <fc M * tk^£ u -c « # <o 83 & % # <fc « u 

^ 56 9i K v,- -C t* „ #fF i£ O $D t -ft ^ /£ # % ^ -f 

4> o -e «£ < 4* *i 5£ u * ^ o 

/!? *p # ifc c £ n * *i tf> , *<o»n&^*PBS*£i&&i*, 
^ssfrisj, ^^N^^^a^t:, » « *r ae * a ft 

as 



T * «S tl- • B<D8EAgi%ffi§L*r0. fcfe % <& 

^*§£i?3<0#I*If#<0*£®& 1 !MKm.i£.-f * 
$((0@^. OUdlSScU, »U<lt50 PPM J5JL 

4t«tt**4KftKtKft?>. 0. 5 # * J: 

feJL Ji E 5£ U 7C ^ feJL *V . £ 5* §5 9i &t Ca , 
Zr ^> Ce . La ^ <0 REM * gS UD U "C , 45 gfl 3* <0 

iio^ i j& x ** & 2J®jtiee-r?>«io^^%ii 

«: ffit <fc^ <o ^ $ fffl ^ * 'fr E.m-J5fo£\M.ftfc3j 
# «t 2ra u , usT^s-eo^niiatfxiri: 

36* *> o Ce . La^OREMrt> Ca k. f*| U *C & & 

ft to ^ fln ^ * - t a* to 5fc * ^ * £ <o « -fr 



SS IS frc A ft <& W ft o :<oi&^f 

hUt. !tfmiim#w*ttft^S0 2f&^.±-Tr£> 
ft o 

n m \% m k fa ^ u v.^> % j: ie o m * ^ ^ @ 

^%J^?L, U . 08 ^3 iL ^ 0 ?> o 

o « Jm m frt til ft fitt^t?^, ftK*:&WK%lf£ 

JftgE^^. l050CfeiT-Cfeftd»<b-efeO. c 

mtut* z o % \* ± t z x $ turnm* ft * 
126— 



k * - * t + 4 h-efe^^MJi^^^Kov^t:^. 

-f * o £^W^ffii£iS&<O_h[&#l050C-C;fcD* 

* - ± * H"Cfe2>«m^O«-CMi. SS i£ <0 

*g*t« - ^ & g m m <o u t « u^^s 

^ tti 3R * ti (* *S ^ 3? ifi X < , * L < *i 6 0 

05) 

£ i~ * » <o *& a* & # is # -e . ft a- ® v & & t *c 

*J:5ICt**:*Ot*#4X4» 800«i -C £> * 

* o 

-r * ft ic i5 u . * - ^ * 

C ^*6^ ) 

W^^^T^ifet-^HM-^flR^cU. Z ti % tL & 2 K. 
®K J: 0 . 800 -4 00 C"COf^^iPi$||35i 1 

an 



!Saege2-263922(5) 

8 0 0 Cd>P) 4 0 0 Ci£O^^lig%, 5 C/-~ 

ia%^^utifi7 x 5 4 h - ? >r 1- Kf^i 
X A ft' * * . % & n &5 *c ^ © ft a & * # 

800 C^b 400 C£Of^^iPi$Kj!i^ 
5 WiKlT^ J: 5ft#a>^&-C JiXJiO ^ 

* o ei « % <s»t/h$</x%iaiwToiasK 

> 1^ 9 5 © J&» J: < . 2 0 0 C^TA^iUl'o 

^^^^^O^fliglOS 80O«wJiJlTfc£i5q? 

6.0 — 1 8 0 i: Ufc, X 4» S£ R ^ o * *) <§ 

&<0&:MfflK'2\<*-Ck** zkSffiK: J: D 200 -o/** 

*w«o»*fco\.-t:. & 2»cf Kifc^, gas?. 
wnt^gfttAfif^tef * % m t m — 

<0 m&ffl , yfi!9 % 20. 21 KikfC, fllfU Lfc 

If & g ^ b , ^%5go^^K:j:^^^^^-T:*fc 



09 



ftEB362-263922(6) 



REM [ 


1 


o 
o 
o 


1 


1 


1 


1 


1 


\ 


1 


i 


I 


\ 


\ 


1 


1 


u 


1 




t 


j 0.002 


1 




1 


\ 


0.001 


i 


1 


1 




1 


1 




0.0041 


0.0037] 


0.0062 


0.0051 


0.0080 


0.0075 


0.0041 


0.0037 


0.0067 


0.0140! 


0.0052 


0.039 


0.201 


0.42 


0.015 


est 


l 




l 


I 


0.0015 


\ 


1 


1 




1 


i 


1 


1 


I 


I 


EH 


1 




\ 


1 


0.0 2 


\ 


I 




1 


1 : 




1 


l 


i 




> 


'! 




l 


1 


,0.2 4 


1 


J 

I 


1 


0.2 2 


0.1 2 


I 




I 


I 


I 


Nb 


! 




1 


0.007 


0.02 


1 


I 


0.02 


Lft 
i-t 
O 
O 


0.05 




1 ! 


0.06 


1 


\ 


Mo 


1 






i 


1.05 


CO 

cn 
o 


CM 
»— « 

<=> 


CM 

to ; 
o ; 

! 


1.20 


1.41 


| 0.12 




i 


l 


o 


2 


1 






1.20 1 


0.20 


0.50 


2.25 


O ' 
CM 1 


0.52 


■— » 

2 


9.02 ; 


CO 

o» 


0.99 


CM 


21.3 


i- 

i hi 

o 


1 




I 


1 


3.07 


2.25 


l 


1 


i 

p 
in 


9.05 


1 


18.6 


15.4 


17.0 


25.0 




1 




l 






1 


i 


0.20 


i 

1 ; 1 


1 


1.02 


O 


I 


3 S 


0.025 


0.028 


0.037 


0.041 1 


0.006 


0.008 


0.050 


0.032 


0.004 


0.007 


0.027 


0.020 


0.025 


0.030 


0.015 




0.008 


0.012 


0.008 


0.006 


0.003 


0.005 


0.003 


0.006 


to 
o 
o 
o 


0.007 


0.008 


in 
o 
p 
o 


0.007 


fo!o07 


800'0 


PL, 


0.012 


0.016 


0.015 


0.012 


0.011 


0.010 


0.010 


0.013 


[oois 


0.005 


0.012 


eo 
o 
© 


0.020 


0.018 


0.019 


Mn | 


0.72 


0.65 


in 

CO 

o 


1.27 


0.66 


1.05 | 


1.30 


1.40 


1.10 


I 0.48 


I 0.57 


0.87 


2 4.5 


in 
cO 


0.42 


CO 


0.18 


0.22 I 


0.28 


0.42 


0.05 


0.04 


0.20 


1 0.27 


0.12 


0.04 


0.12 


0.44 


0.30 


0.21 


0.37 


o 


0.03 1 


0.45 


0.55 


0.09 


0.12 


0.18 


0.10 


MM8~1 


0.13 


0.06 


CO 

o 
o 


0.02 


0.05 


0.16 


0.03 


® 




CM 


<o 




in 


CO 




CO 


cn 


o 

r-t 


>— « 


CM 


CO 
f— » 


1 


m 




• 

< 


1 

< 


i 

< 


i 

< 


i 

< 


1 

< 


1* 


1 

< 


? i 

r 


1 

< 


1 

< 


1 

< 


1 

< 


1 

< 


i 

< 



Q 



Q 

CM 

Q 
& 



Bh 

1 

Q 



° is 

X f 

1 & 

CM Q 

^ Eft 

g 1 



£ 5 

tn ^§ 



tO 
f 

8 

C 

Q 
» 

Q 
o 



85 
eft 

G 
f 

& 



Q 

CM 



15BaH362-263922(7) 



m 


1 


* 


ft 


ft 


** 




ft 




** 


ft 


* 


a 
m 


* 


ft 




1 

i 

S 


* 


% 


S 

< 

i 




1 

5 

m 




B 

1 

1 


to 

CO 
CO 


CO 
CM 


© 

CM 


co 
c** 

CM 

8 


CD 
»-l 


CM 


to 

CO 

CM 

s 
i 


to 

to* 

CM 


to 

CO 
*— 1 


CM 
U> 
»— » 


eo 
-J 

CM 

to 
a> 

£ 


CM 
CO- 
CM 


CO 


to 
to 


CO 

o 

CM 


CO 

cri 


CM 


CO 
CM 


3 

1 


CO 

to 

s 


CM 

in 


* 


\* 
w 


o 
co 


CM 

a> 


in 

CO 


o 
ft* 

CM 


CM 
CM 


m 

CO 

«— < 


CO 
CO 
CM 


in 

CM 


in 
cn 
t-t 


CO 
CM 


o 

CM 


r-" 

CO 


to 
to 

cO 


CO 

CO 


tO 

os 

CO 




CM 

to 

CM 


O 
CM 


co 

CM- 
CM 


C* 

■o 

CM 


CM 

od 

CO 


as 


| 


CM 

ad 


C7> 

in 

00 


in 

a* 

GO 


CM 

to 


CM 
«— 1 
t£> 


CO 

t— 


CM 
00 

in 


© 
to 


in 
«-i 
r- 


CM 
CO 

to 


co 


•H 

to 
t» 


CM 
CO 
f» 


o 
r- 


CM 
f- 


CM 
00 


co 
o 
to 


CM 

cd 
t- 


co 
cd 
in 


CO 

ad 
to 


CM 




J 




CM 

to 


"M* 
C-* 

to 


lO 


CO 
CM 

m 


CM 

m 


in 

CO 


CM 
CO 


t- 
to 
to 


CM 
lO 

m 


CM 

to 


to 
© 


CO 


lO 
C^ 
CO 


co 
to 

CO 


CM 

to 
to 


CM 


CO 

cn 
in 


to 
to 


c- 


to 

cd 


p 

o ^ 
o p 


o 
eo 


% 


ft 




*s 

lO 

to 




* 

O 

DO 




o 




-K 

O 

ao 
«— i 


i 

o 

CO 








-ft 

— * 

o 
o 

CM 






« — ' 
O 
CO 


- 


1 




en 








in 

CM 




to 

CM* 




to 

CO 




in 


CO 
CM 








CM 






H- 

to 








o 

CO 
CM 




ft 




© 




o 

CO 
CM 


% 


o 
to 


% 


to 


CO 
CM 








oc 
cow 

CMf> 
tOU 

& 


1 " 




o 

CO 
CM 


O 

co 

CM 


o 

eo 
CM 


i 


K 

EC 


% 










K 


to 




% 


% 


* 

■B- 

a: 








en 

■B- 

tr 




ft 


BK 

* 


ft 


ft 


» 

a 


i 

t 

< 


CM 
< 


CO 

1 

< 


i 

< 


in 
t 

< 


CO 

i 

< 


r» 
i 

<J 


CO 

1 

< 


Ol 

1 

< 


o 

f— « 

I 

< 


rH 
<-( 
1 


CM 

i-H 

1 

< 


CO 
f-H 

f 


i 

< 


to 

r-» 
1 

< 


CO 

< 


1 

< 


to 
i 

< 


i 

< 


t- 

1 

< 


CM 
r-t 
1 

< 


gift, 
ft* 




CM 


CO 






to 


C- 


ao 


C7> 


o 




CM 


CO 




to 


to 




CO 


cn 


o 

CM 


CM 


























5 













s 



»BI 8282-283922(8) 

( s& m <o #}$k ) 



itmA ftm± & m * £ * 



CD 



— 130 — 



